Certain yeast species with affinities to the genus Metschnikowia occur in flowers, fruits and associated vector insects (Miller & Phaff, 1998) . Metschnikowia hawaiiensis (Lachance et al., 1998b (Lachance et al., , 1990 , Metschnikowia continentalis (Lachance et al., 1998b) , Metschnikowia lochheadii, Metschnikowia drosophilae (Lachance et al., 2001a) and Candida ipomoeae (Lachance et al., 1998a) occur on morning glories (Ipomoea spp.) and insects, including drosophilids, beetles and bees, found on these flowers (Lachance et al., 2001b) . Other yeasts isolated from flowers include Metschnikowia gruessii, Metschnikowia lunata, Metschnikowia pulcherrima, Metschnikowia reukaufii (Miller & Phaff, 1998) and Metschnikowia koreensis (Hong et al., 2001) .
In the course of an isolation programme of yeasts from various natural sources in Korea, a strain (SG99-26 T ) of ascomycetous affinity was isolated from flowers of Ipomoea batatas Lam. Comparison of the sequence of the D1/D2 domain of the 26S rDNA with sequences from all currently recognized ascomycetous yeasts and comparison of physiological profiles indicated that strain SG99-26 T represented a novel yeast species. Independently, a study of yeasts associated with pollinating bumblebees in Germany yielded various strains of a yeast with the same D1/D2 sequences as that of strain SG99-26 T . Here, we describe the Korean strain and German strains as representing a novel yeast species, for which the name Candida kunwiensis is proposed. This novel species has a close phylogenetic relationship with the genus Metschnikowia.
The origins of the novel strains discussed in this report are given in Table 1 . Morphological and physiological characteristics were examined by the conventional techniques described by Yarrow (1998) . For strain SG99-26 T , the assimilation of carbon sources was examined at 25˚C on a rotary shaker (120 r.p.m.) at 7-day intervals for 21 days. The utilization of nitrogen sources was examined by auxanography for 7 days. Urease activity was tested in Christensen's urea agar (Christensen, 1946) . The determination of the coenzyme Q system was carried out as described by Yamada (1998) using an HPLC apparatus equipped with a Spherisorb S5 ODS2 column (Waters). The DNA base content (G+C mol%) was determined by the thermal denaturation method (T m ) using 0?16SSC solution. The G+C content was calculated using the equation G+C mol%=51?0+2?08 (T mx 2T mr ), where a DNA preparation from Escherichia coli KCTC 2443 (K-12; G+C content, 51?0 mol%) was included as a reference (T mr ) (Owen & Pitcher, 1985) . The German strains were characterized nutritionally by replica plating. All the novel strains are maintained in liquid nitrogen in the yeast collection of the Department of Plant Sciences, University of Western Ontario, Canada.
The D1/D2 domain of the nuclear 26S rDNA of strain SG99-26 T was amplified and sequenced using the primer IP: 54.70.40.11
On: Fri, 28 Dec 2018 09:04:06 pair No.4 (ACCCG CTGAA YTTAA GCATA T) and No.11 (CTCCT TGGTC CGTGT TTCAA GACGG) ( Van der Auwera et al., 1994) . The DNA sequence has been deposited in GenBank under accession no. AF389527. The 26S rDNA D1/D2 sequence of the strain was aligned with other 26S rDNA sequences from species of the genus Metschnikowia and related species on the basis of similarity in the primary and secondary structures using the PHYDIT program, version 3.1 (Chun, 1995) , which enables manual and semicomputerized alignment of nucleotide sequences using secondary structure information (available at http://plaza. snu.ac.kr/˜jchun/phydit/). Phylogenetic trees were reconstructed using Kimura's two-parameter model (Kimura, 1980) and the neighbour-joining method (Saitou & Nei, 1987) using the PHYLIP package (version 3.57c; Felsenstein, 1995) with or without the D2 domain sequences that showed large deletions in some taxa. Saccharomyces cerevisiae NRRL Y-12632 NT (U44806) was used as an outgroup. The relative robustness of individual branches was estimated by bootstrapping (Felsenstein, 1985) , in which 1000 bootstrapped trees were generated from the resampled data. The neighbourjoining tree was compared with those constructed by parsimony methods. The parsimony tree was reconstructed by using the heuristic search option of PAUP 4.0 beta version (Swofford, 1998) with 100 replicates of random sequence addition. The D1/D2 sequence of strain MH266 was determined as described by Lachance et al. (1999) .
Latin diagnosis of Candida kunwiensis Hong, Bae, Herzberg, Titze et Lachance sp. nov.
Cultura in aqua extracto malti post dies 3 ad 25˚C cellulae globosae ad subglobosae (4-764-7 mm), singulae. Post unum mensem sedimentum formatur. Cultura in agaro malti post dies 3 ad 25˚C albida cremea et butyrosa. In agaro farinae Zea mays post dies 10 pseudomycelium nullum vel rudimentarium. Chlamydosporae formantur. Glucosum (aliquando exigue) fermentatur, at non galactosum, saccarum, maltosum, lactosum, raffinosum nec inulinum. Glucosum, galatosum, L-sorbosum, saccharum, maltosum, cellobiosum, trehalosum, melezitosum, D-xylosum (aliquando lente), D-glucosaminum (aliquando exigue), N-acetylglucosaminum, ethanolum, glycerolum, ribitolum, D-mannitolum, D-glucitolum, methyl a-D-glucosidum, salicinum, acidum D-gluconicum, glucono- In 5 % malt extract broth after 3 days incubation at 25˚C, cells are globose to subglobose (4-764-7 mm), occurring (mainly) singly. Vegetative reproduction is proceeded by multilateral budding (Fig. 1a) . Cells may produce a tubular bud equivalent to three or more cell lengths (Fig. 1b) (Yarrow, 1998) . However, after one week on dilute (20 %) V8 agar, chlamydospores of the type found in Metschnikowia pulcherrima are formed in abundance (Fig. 1c ). Ferments D-glucose (sometimes weakly); D-galactose, sucrose, maltose, lactose, raffinose and trehalose are not fermented.
Assimilates the carbon compounds D-glucose, D-galactose, L-sorbose, sucrose, maltose, cellobiose, trehalose, melezitose, D-xylose (sometimes slow), D-glucosamine (sometimes weak), N-acetyl-D-glucosamine, ethanol, glycerol, ribitol, D-mannitol, D-glucitol, methyl a-D-glucoside, salicin, Fig. 2) .
Phylogenetic placement. The 26S rDNA sequence of strain MH266 was identical to that of strain SG99-26 T , verifying their conspecificity. Unambiguous alignment of variable regions was very difficult because multiple insertion or deletion events have occurred in the 26S rDNA In the phylogeny based on partial sequences (Fig. 2) , C. kunwiensis and M. gruessii appeared as sister species related to the core group, with a fairly high bootstrap value.
Identification. The physiological characteristics of C. kunwiensis are typical of those of most Metschnikowia species and nearly identical to those of M. pulcherrima. Lack of pulcherrimin production and growth on lactic acid by C. kunwiensis probably represent the only useful features to distinguish the two species. Unfortunately, growth on lactic acid exhibited some variation (positive or weak) amongst our strains, and is reported as negative or weak in M. pulcherrima (Miller & Phaff, 1998) .
Pulcherrimin production is also reported as variable in M. pulcherrima. This opens the possibility that some of the strains identified in the past as M. pulcherrima might in fact be isolates of C. kunwiensis.
Ecology. In the German study, C. kunwiensis was recovered almost exclusively from the body surface of five different species of bumblebees, suggesting an association with pollen (Table 1) . Candida bombi was also frequent in these samples. In contrast, flowers visited by the bumblebees, the nectar of these flowers and the probosces of the bumblebees normally had a different yeast community, composed predominantly of M. reukaufii, with lesser proportions of M. gruessii and C. bombi. It will therefore be of great ecological interest to identify the principal habitat of C. kunwiensis in its Korean environment, to see if an association with pollen exists there too.
